Simulating the Spread of Influenza Pandemic of 1918-1919 Considering the
  Effect of the First World War by Yoneyama, Teruhiko & Krishnamoorthy, Mukkai S.
Simulating the Spread of Influenza Pandemic of 1918-
1919 Considering the Effect of the First World War 
Teruhiko Yoneyama 
Multidisciplinary Science 
Rensselaer Polytechnic Institute 
Troy, New York, Unites States 
yoneyt@rpi.edu 
Mukkai S. Krishnamoothy 
Computer Science 
Rensselaer Polytechnic Institute 
Troy, New York, United States 
moorthy@cs.rpi.edu
 
Abstract—The Influenza Pandemic of 1918-1919, also called 
Spanish Flu Pandemic, was one of the severest pandemics in 
history. It is thought that the First World War much influenced 
the spread of the pandemic. In this paper, we model the 
pandemic considering both civil and military traffic. We propose 
a hybrid model to determine how the pandemic spread through 
the world. Our approach considers both the SEIR-based model 
for local areas and the network model for global connection 
between countries. First, we reproduce the situation in 12 
countries. Then, we simulate another scenario: there was no 
military traffic during the pandemic, to determine the influence 
of the influenced of the war on the pandemic. By considering the 
simulation results, we find that the influence of the war varies in 
countries; in countries which were deeply involved in the war, the 
infections were much influenced by the war, while in countries 
which were not much engaged in the war, the infections were not 
influenced by the war. 
Keywords-Simulation, Pandemic, Influenza, SEIR, Social 
Network, Spanish Flu, International Traffic,  Infectious Disease 
I.  INTRODUCTION 
An influenza pandemic occurred during 1918-1919. It is 
estimated that about 500 million people (one third of the 
world’s population) were infected and about 50-100 million 
people died, resulting in the high death rate of 2.5-5% 
[1][2][3][4]. It is believed that the pandemic originated in the 
United States, although there are other hypotheses on the 
origin of the pandemic [5][6][7][8]. 
One characteristic of 1918-1919 Influenza was that the 
death rates for the age group 20 to 30 years were remarkable 
higher than other age groups [4]. Usually the death rate of 
patients in this age group is low because of their stronger 
immune system. Figure 1 shows the influenza death rates by 
age group in 1918 and 1911-1917. 
 
Figure 1: Death Rate of Influenza by Age Group during 1911-1917 
(dotted-line) and 1918 (solid-line) [4] 
 
We hypothesize that the spread of the pandemic is based on 
the traffic pattern. Thus, in this paper, we simulate 12 
countries, considering the international traffic in real data. For 
the international traffic, we consider both the civil traffic and 
the military traffic since there was the First World War (1914-
1918) during the pandemic. We compare the simulation result 
with the real record on the number of death cases and find 
important factors which would influence the pandemic. Also, 
we simulate without military traffic. By comparing the 
simulation result with the original simulation result, we find 
how the war influenced the pandemic. 
To model the pandemic, we propose a hybrid model which 
considers both local infection and global infection. For the 
local infection, we use the SEIR model considering the each 
country’s condition such as domestic population and 
population density. For the global infection, we use network 
based model considering the international traffic between 
countries. 
II. RELATED RESEARCH 
Simulations for the spreading of infectious disease have 
been carried out in the past. There are some differences 
between our approach and other related research. First, a lot of 
research on simulating disease spread focuses on a 
prevention/mitigation strategy by comparing the base 
simulation and an alternative simulation which considers their 
proposed strategy (e.g. [9][10][11][12][13][14]). In addition, a 
lot of existing research simulates with a generated situation 
which models the real world (e.g. [9][10][13][14][15][16][17]). 
Our work focuses on the reproduction of the real pandemic 
using real situation. We model the pandemic, compare the 
results with real data, and explore the key factors which 
influenced the spread. Although these critical-factors could 
provide hints that would help contain the spread of the disease, 
this paper does not directly propose a prevention strategy.  
Earlier research tended to consider the spread of infectious 
disease from either the local or global point of view (e.g. 
[11][13][14][16][18]). In addition, much research simulate 
using one of the equation based (e.g. SIR or SEIR differential 
equation model), agent based, or network based model (e.g. 
[16][19][20]). We simulate the pandemic from the global point 
of view considering local infection in each country. We use a 
hybrid model which considers both the SEIR based model and 
network based model using a concept of agent based model.  
Third, simulation parameters determine the path of spread. 
Some earlier research values the basic reproduction number R0 
as influential parameter to spread (e.g. [11][21]). We do not 
determine R0. In our simulation, first, we consider setting the 
parameters so that the result corresponds with the actual 
situation in some countries in terms of the number of cases. 
Then we simulate further experiments using same set of 
parameters. This is based on the assumption that R0 varies 
according to country.  
III. MODELING 
Previous attempts to model spreading infectious diseases 
tended to use one of two approaches. Equation-based models 
like the SEIR model is suitable for a large-scale spreading of 
diseases. These models use just a few parameters to reproduce 
the spreading phenomenon. However it is difficult to reflect 
detailed situation in countries which have different local 
infection conditions. Second, network or agent-based 
simulation models can theoretically reflect the detail of 
individual conditions. However, modeling large-scale global 
diseases is difficult as too many parameters are needed for 
simulation. Thus we propose a hybrid model. We make a 
simple model using a small number of parameters and make it 
capable of simulating a general pandemic.  
We simulate using several countries. When we think of an 
infection in a country, there are three possibilities for new 
infection; (1) infection from foreign travelers, (2) infection 
from returning travelers, and (3) infection from local persons. 
Figure 2 illustrates this concept. We denote the infection-types 
(1) and (2) as the global infection and the infection-type (3) as 
the local infection.  
 
Figure 2: Three Patterns of Infection in a Country 
 
We use the concept of SEIR model which considers four 
types of agents in each country; Susceptible, Exposed, 
Infectious, and Removed. Susceptible agents are infected by 
Infectious agents and become Exposed agents. Exposed agents 
are in an incubation period. After that period, Exposed agents 
become Infectious agents. Infectious agents infect Susceptible 
agents. Infectious agents become Removed agents after the 
infectious period. Removed agents are never infected again 
because they are now immune. Figure 3 illustrates this concept 
of SEIR model. 
 
Figure 3: Concept of SEIR 
 
At the beginning of the simulation, the number of 
Susceptible agents in each country is equal to the population 
of each country. Then we place an Infectious agent in the 
origin of the pandemic (i.e. the United States). The local 
infection spreads around the origin and the global infection 
also spreads from the origin to other countries through global 
traffic. When a country has at least one Infectious agent, that 
country has the potential for local infection. Figure 4 shows 
this concept. 
 
Figure 4: Concept of Simulation Task at One Cycle 
 
The global infection is caused by traffic from infected 
country. Thus we refer to the number of inbound and 
outbound traffic. The number of new Exposed agents by the 
global infection in country i at time t,              , is calculated by 
the expression; 
      (1) 
where           is the number of Infectious agents of country j at 
time t.       is the total amount of both traffic from country i to j 
and from j to i.          is the global infection probability at time 
t and is calculated by the expression; 
      (2) 
where        is the basic global infection probability between 
countries.        is a “deductor” for the global infection. t is time 
(simulation cycle).       and        are constants and are 
uniformly used for every country. Thus the global infection 
probability           , decreases along the simulation cycle. We 
assume that, in the real world, the global infection occurs with 
high probability in early pandemic due to the lack of 
awareness of the disease. As the disease spreads, people take 
preventive measures against the infection and pandemic 
decreases. We apply this concept in the simulation. The 
number of Exposed agents in country i at time t,          , is 
updated by adding                to          at each simulation cycle.  
We assume that the local infection probability depends on 
the population density of a country. Thus if the country is 
dense, people are more likely to be infected. The basic local 
infection probability of country i,        is given by the 
expression;  
      (3) 
  where                 is population density of country i, obtained 
by real data. Thus                  differs in country.       and       are 
constants and are uniformly used for every country.  
We assume that the number of new Exposed cases of a 
country by the local infection depends on the number of 
Susceptible agents and the number of Infectious agents at that 
time. Thus the number of new Exposed agents by the local 
infection in country i at time t,              , is calculated by the 
expression; 
      (4) 
where           us the number of Susceptible agents of country i 
at time t.          is the number of Infectious agents of country i 
at time t.            is the local infection probability at time t and 
is calculated by the expression; 
      (5) 
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where        is the basic local infection probability of country i 
which is obtained by equation (3) .       is a “deductor” for the 
local infection and is a constant which is used for every 
country. t is time (simulation cycle). Similar to the global 
infection, the local infection probability             decreases as 
the simulation cycle increases. This reflects people’s 
awareness. The number of Exposed agents in country i at time 
t,         , is updated by adding                to          at each 
simulation cycle.  
Table 1 lists the parameters in the simulation. There are 
eight controllable parameters which are denoted as constants 
in Table 1. These parameters are used for every country 
uniformly. Other parameters are derived from real data and 
depend on country. 
Table 1: Parameters in Simulation 
Parameter Description Attribution 
(a)Global or 
(b)Local 
(1) Constant or 
(2) Depend on 
Country 
PG Global Infection 
Probability  
(G) (1) 
PLi  Local Infection 
Probability of County i  
(L) (2) 
DG Deductor for Global 
Infection Probability  
(G) (1) 
DL Deductor for Local 
Infection Probability  
(L) (1) 
C1 Constant for Local 
Infection Probability  
(L) (1) 
C2 Constant for Local 
Infection Probability  
(L) (1) 
Incubation_Period  Incubation Period  (G) and (L) (1) 
Infectious_Period  Infectious Period  (G) and (L) (1) 
Run_Cycle  Run Cycle of Simulation  (G) and (L) (1) 
Densityi Actual Population 
Density of Country i  
(L) (2) 
Populationi Actual Population of 
Country i  
(L) (2) 
Tij Amount of Traffic 
between Country i and j  
(G) (2) 
IV. SIMULATION AND RESULTS 
We select some countries for simulation. At first we select 
the United States as the origin of the pandemic, and then 
examine countries strongly related to the United States in 
terms of amount of trade referring to [26] and select United 
Kingdom, Canada, Italy, France, and Japan. Next we include 
India and China since these countries had by far the largest 
number of deaths compared with other countries. Next, we 
include Australia and New Zealand since these countries sent 
their troops to European battlefields and such troops returned 
to their home countries after the war. We examine the 
influence of such returning troops upon the spread of the 
pandemic. Also, we include Russia to examine the effect of 
the Allied Intervention to Russia for the spread. In addition, 
we include Switzerland since influenza was reportable disease 
in Switzerland at that time and the data should be reliable. 
Thus we simulate these 12 countries. 
For the global traffic, we consider both civil traffic and 
military traffic. Although the war was going on during the 
pandemic, there was still traffic at the civil level such as trade 
and travel. Since we don’t have exact data on the number of 
civilian travelers during that period, we refer to the amount of 
trade between countries, instead. We expect that people travel 
more when the level of trade is larger between two countries, 
since the number of people who engage in the shipping is 
larger. Thus we assume that the situation of trade shows the 
international relationship at that time. Then we consider the 
main trading partners of a country and its level of trade to 
understand the relationship between countries [24][25][26]. 
In addition to civilian traffic, we consider the military 
traffic for the international traffic. We focus on three types of 
military traffic of the First World War which could influence 
the influenza pandemic of 1918-1919. The most significant 
factor is the entry of the United States into the war. About 2 
million men were sent to Europe during 1918 as American 
Expeditionary Forces (AEF) [22][23]. A large portion of AEF 
was sent to France, and some of them were sent to United 
Kingdom or Italy. In fact, at the beginning of the pandemic in 
Europe, the infection spread among European troops which 
associated with U.S. troops [7]. Thus the traffic of AEF much 
contributed to the spread to Europe. We consider the traffic of 
AEF referring to [22][23]. Figure 5 shows the number of AEF 
sailing each month to France and to the United States. Second, 
some countries besides the United States also sent their troops 
to European battlefield. Such troops returned to their home 
countries after the war, during late 1918 through 1919, that 
LiP
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corresponds with the pandemic period. Thus it is possible that 
the returning troops contributed to the spread of the pandemic. 
We examine the number of returning troops after the war as 
Table 2 shows. Third, there was the Allied Intervention to 
Russia from 1918. This dispatch of troops is another major 
instance of troop-traffic. Thus, it is possible that Russia was 
infected through such troops from Europe [7]. We examined 
the number of troops sent to Russia as Table 3 shows. 
Although the war had worldwide battlefield, the battles 
outside Europe were almost completed in 1918, except in 
some parts such as Eastern Africa. Thus, for the military 
traffic in our simulation, we focus on these three types of 
troops; AEF, returning troops from Europe, and troops for the 
Allied Intervention to Russia.  
 
 
Figure 5: AEF Sailing Each Month to France and to US [7] 
 
Table 2: Estimated Number of Troops Returned from Europe 
Country Estimated Number of Troops from Europe Sources 
United States >1,870,000 from France to US [22][23][27][28] 
France NA  
United 
Kingdom 
>1,000,000 from France to UK [23][29][30][31][32] 
India >1,000,000 from France to India [30][31][33][34][35] 
Canada 400,000 from France to Canada [34][36] 
Australia 95,000 from France to England 
195,386 (including dependents) from 
England to Australia 
[34][37] 
New Zealand 90,000 from France to New Zealand [34][38] 
 
Table 3: Number of Troops Sent to Russia (as of December 1918) 
 Eastern Russia Western Russia Total 
 Mrumansk Archangel Vladivostok 
British and Canadian 6,832 *1) 6,293 *1) 2,000 *3) 15,125 
(Canadian) 585? *2) 4,000 *3) 4,585 
American NA 5,302 *1) 9,014 *4) 14,316 
French 731 *1) 1,686 *1) 500 *1) 2,917 
Italian 1,251 *1) NA NA 1,251 
Japanese NA NA 72,000 *4) 72,000 
Chinese NA NA 2,000 *5) 2,000 
*1) [39], *2) [40], *3) [41], *4) [42], *5) [31] 
For the local infection, we use the actual population and 
population density of that time in each country referring to 
[3][24][25][26][43]. For the global infection, since we have 
two types of different international traffic, namely civilian and 
military, we set different global infection probability for each 
type in our simulation. We set the simulation cycle as 240 to 
simulate 2 years. Thus we consider 10 cycles in the simulation 
as one month in the real world. Then we apply the number of 
troops which travels between countries in the simulation along 
the time sequence in the real data. 
We use the real data on the number of deaths by the 
pandemic to compare it with the simulation result. Johnson 
and Mueller collected the real records and comprehensively 
estimated the mortality rate and death toll in each country [3]. 
We use this data to compare with our simulation result. 
Figure 6 shows the comparison of the number of death 
cases between simulation result and the real data. Figure 6 (a) 
shows the comparison in 12 countries and in Figure 6 (b), we 
eliminate the most two significant countries, India and China, 
due to the different scale. The simulation result shows that 
there are a large number of cases in China and India. This 
tendency corresponds with that of the real world, although 
there are big differences between simulation result and the real 
data. In Figure 6 (b), there is substantial difference in Russia. 
However, in many countries, the number of cases almost 
corresponds with that of the real data. 
We consider the reason for the large differences between 
the simulation result and the real data in India, China, and 
Russia. At first, we refer to usual death rate since we guess 
that usual death rate is reflected by the usual sanitary level in a 
country. Table 4 shows the vital statistics of deaths per 1,000 
persons in 12 countries in 1917. In China and India, the death 
rate is very high compared with other countries. This may be 
due to poor sanitary practices in these two countries in the 
1910’s, which resulted in the large number of deaths. 
 Figure 6: Comparison of Number of Death Cases ((a) In 12 Countries, 
(b) Eliminating India and China) 
 
Table 4: Vital Statistics of Deaths per 1,000 Persons in 12 Countries 
in 1917 [24][25][26] 
Country Deaths per 1,000 
Australia 9.7 
Canada 12.7 
China *1) 38 
France 18 
India 32.9 
Italy 26 
Japan 22.2 
New Zealand 9.6 
Russia *2) 25.1 
Switzerland 13.7 
United Kingdom 14.2 
United States *3) 16 
*1) No data available for 1917-1919. The value is estimated from data in 1949-1969. 
*2) Calculated based on data in 1913 and 1926. No exact data for 1917. 
*3) Average of Whites and African Americans. 
 
Next, we consider the reason why the real data of India 
shows larger number of death cases than that the simulation 
result shows and the real data of China shows smaller number 
of cases. We refer to the share of age groups in population of a 
country since the mortality rate of the influenza in 1918-1919 
varies in the age group [4]. We focus on the age group of 5-54 
since the death rate in this age group was significantly 
influenced by the influenza compared with the tendency in 
1911-1917 as Figure 1 shows. Figure 7 shows the age group of 
5-54 in 12 countries. In India, the share of age group of 5-54 is 
79.36%. This value is relatively larger percentage among the 
12 countries. Thus it might be possible that India had much 
potential to have a big impact by the pandemic than other 
countries had, because of the larger share of susceptible age 
groups. On the other hand, in China, the share of the age 
groups is 73.55%. This data is in 1953 since there is no data 
available for China in early 20
th
 century. However, if we 
assume that the share of each age group in 1953 is similar to 
that in 1918, it might be possible that China had less potential 
to have a big impact than India had. Thus this different share 
of age group brings the difference between the simulation 
result and the real data in India and China. Since both India 
and China had large population, such a large population might 
much increase the influence by the different share of age 
group. Further we consider that the massive traffic of returning 
troops to India might have affected the pandemic more than 
the simulation computed, while China was not significantly 
involved in the war. In addition, it is possible that the 
commercial vessels stopped by Indian ports in the trade 
affected the pandemic since India had many trading partners 
and was positioned in the major ocean route which connected 
between Europe and Asia [44]. In the real world, stopping at 
an intermediate port has possibility to spread the pandemic to 
the port as well as through trade, but our simulation doesn’t 
consider the intermediate ports. 
We consider another exception, Russia. For Russia the 
number of cases in the simulation result is much larger than 
that in the number estimated from real data. We are uncertain 
about the accuracy of the data that was available since Russia 
had a confusing time during the pandemic due to the First 
World War, the Civil war and the Allied Intervention, besides 
the pandemic. If we trust the estimate, one possibility is that 
Russia had a larger population. Since our model values the 
population, the result for Russia tends to be large. Another 
possibility is the share of the susceptible age group of 5-54. It 
is relatively small among 12 countries as Figure 7 shows. Thus 
it is possible that Russia had less potential to have a big impact.  
 
Figure 7: Share of Age Group 5-54 in 12 Countries in 1910’s 
(Created based on [24][25][26], China’s data is of 1953) 
V. SIMULATION WITH LESS EFFECT OF THE WWI 
Our objective is to determine the influence of the First 
World War on the pandemic. Now we simulate another 
scenario. For this scenario, we don’t consider all traffic on 
troops for both the First World War and the Allied 
Intervention to Russia. We consider only the traffic of trade 
for the global traffic. For the comparison, we use same 
parameter values that are used for the previous simulation. 
Figure 8 shows the ratio of the number of deaths in the 
simulation results with no military traffic scenario to that in 
the simulation result with the original scenario. When a 
country’s ratio is less than 1.0, that country would have 
smaller number of cases if there was no military traffic. This 
result shows that Russia, Italy, United Kingdom, and France 
would have smaller number of cases, if there was no military 
traffic. These countries received a large number of troops 
which were sent from the United States or Europe. Thus these 
countries were infected earlier and had larger number of cases. 
Russia has the largest difference between scenarios. It is 
because of the traffic of troops for the Allied Intervention. The 
difference of the effect by the military traffic varies in 
countries depending on the amount of trade with the United 
States, population, and population density of each country. 
On the other hand, other countries have no or much less 
difference between scenarios. For these countries, the war was 
not a significant factor for the number of death cases. In our 
simulation, these countries are more likely to be infected 
through trade rather than through the military traffic. The 
United States was the origin of the pandemic and Canada was 
quickly infected by the trade since it is next to the United 
States. Australia and New Zealand had the returning troops 
from Europe but these countries had been infected by trade 
before the troops returned. Although India also received a 
huge number of returning troops, we consider that the most of 
the cases in India were due to the local infection because of its 
large population. China, Japan, and Switzerland were not 
involved in the European battles. Thus the infection spread 
only through trade. Therefore in these countries, the timing of 
infection is not changed even if there is no military traffic, and 
so there is no or less difference between scenarios. 
 
Figure 8: Ratio of the Number of Deaths with Original Simulation 
Result in 12 Countries 
VI. CONCLUSIONS 
In this paper, we modeled the Influenza Pandemic of 1918-
1919. For the global infection, we used network based model. 
We referred to data on trade for civil traffic and considered 
three types of military traffic: AEF, the returning troops from 
Europe, and the troops for the Allied Intervention to Russia. 
For the local infection, we used the SEIR model considering 
the population and population density of each country. We 
simulated 12 countries. The result showed similar tendencies 
to the real data. For some differences between simulation 
result and the real data, we considered some factors such as 
usual mortality rate and the share of age group of each country.  
We also simulated the scenario without any military traffic 
to find how the First World War influenced the pandemic. 
Then we found that the influence of the war upon the 
pandemic varies in countries. When a country was related with 
the European battle, the influence by the war was significant. 
However, when a country was not deeply related with the 
European battle, the influence on the war was not significant. 
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